Abstract Background/purpose: The surgical extraction of impacted third molars (ITMs) is a common surgical procedure in dentistry. If prophylactic removal of ITMs is beneficial, however, is a still disputed issue. The aim of this study was to analysis the pathologic changes in impacted third molars (ITMs) and adjacent teeth according to patient age groups in the Korean population to determine if the prophylactic removal of ITMs is to be supported or not. Materials and methods: A retrospective study of patients who underwent surgical extraction of impacted third molars was performed. The patients were divided into 5 groups according to their age. Each group was analyzed with respect to patients' chief complaints, specific pathologic conditions in ITMs, and the damage to adjacent teeth due to untreated ITMs. Results: In this study, 2883 impacted third molars in 1109 patients were analyzed. The most common patients' chief complaint was pain, and the frequency of pain was significantly higher in older age groups. The frequency and severity of pathologic changes in ITMs and adjacent second molars due to ITMs were increased with advancing age.
Introduction
Impacted third molars (ITMs) are one of the most common developmental conditions that affect humans. 1 The surgical extraction of ITMs is one of the most common surgical procedures performed worldwide by the oral and maxillofacial surgeons. 1e3 The ITMs are divided into "asymptomatic" or "disease-free" ITMs and "symptomatic" or "diseased" ITMs. It is reasonable to perform surgical extraction of the diseased or symptomatic ITMs for resolving the pain and symptoms of patients. 4 But, there have been controversies about the prophylactic surgical removal of asymptomatic ITMs in younger patients. 5 An unknown percentage of ITMs may remain asymptomatic throughout life. 2, 6 On the other hand, they have the potential to induce pathologic changes, including pericoronitis, periodontal disease, caries of ITMs, caries or resorption of the adjacent second molar, or the presence of cysts or tumors. 2 However, there have been very few studies comparing the prophylactic removal of ITMs with retention of ITMs and yet insufficient evidence was found to support or refute the prophylactic removal of ITMs in young adults, especially in the Asian population. 7 This cross-sectional study utilizes clinical information of 1109 patients who visited a hospital for surgical removal of ITM in the Korean population living in South Korea. To determine if the prophylactic removal of ITMs is to be supported or not, the type and frequency of patients' symptoms, indications for pathologic conditions associated with ITMs, damage to the adjacent second molars and their treatment were analyzed according to patient age groups.
Materials and methods
The records of all patients who underwent surgical removal of ITMs at the Department of Oral and Maxillofacial Surgery, Mokdong Hospital, Ewha Womans University during a 1-year period (from March 1st, 2011 to February 29th, 2012) were retrieved, reviewed, and analyzed. The inclusion criteria for ITMs in this study were 1) ITMs whose pre-operative panoramic radiographs were taken, 2) ITMs were either fully covered with bone or partially erupted, but prevented from reaching the occlusal plane, 3) The patients' chief complaints and clinical examination descriptions were written clearly in the first dental examination records. Patients in whom the third molars had fully erupted to the level of the occlusal plane were excluded from the study.
The patients and their ITMs were divided into five groups according to patient age. And the groups were analyzed according to the following categories:
1) The patients' chief complaints 2) The surgeons' purpose of surgical extraction of ITMs 3) The specific pathologic conditions for therapeutic removal were assessed. 4) The damage to adjacent second molars due to untreated ITMs
This retrospective study was performed by means of a review of clinical records and pre-operative panoramic radiographs. The study was reviewed and approved by the Institutional Review Board of Ewha Womans University Mokdong Hospital (IRB approval number: 
Results

Total patients and ITMs
The total number of patients included in this study was 1109, and the male: female ratio was 1:1.06. The average age of total patients was 29.0 AE 10.2 years (range, 13e74 years). The total number of observed ITMs in this study was 2883. The total number of surgically removed ITMs was 2792 among the total 2883 ITMs. The patients and their ITMs were divided into five groups according to patient age. Group 1 (G1) included the patients whose age was less than 20 years. Group 2 (G2) 21 to 25, Group 3 (G3) 26 to 30, Group 4 (G4) 31 to 40, and Group 5 (G5) 41 years and older (Table 1) . 
Chief complaints of patients
The chief complaints of 1109 patients at their visit to the clinic were analyzed. The major chief complaint of patients was pain in ITMs. The average age (32.9 AE 11.3 yrs) of patients with this chief complaint was highest among all of the patients with other chief complaints. In G1, the major chief complaint was prophylactic removal for other dental treatment, especially orthodontic treatment. In G2 and G3, the major chief complaint was discomfort. However, in G4 and G5, the major chief complaint was pain. The difference in distribution of chief complaints among groups was statistically significant (P < 0.0001, Table 2 ). The surgeons' purpose of surgical extraction of the ITMs (prophylaxis or treatment) In this analysis, the cases were limited to the 1109 chief complaints due to ITMs among 1109 patients. The other ITMs that did not cause chief complaints in 1109 patients were excluded. The average age of prophylactic removal patient was 24.0 AE 5.5 years. The average age of therapeutic removal patients was 32.7 AE 11.2 years. In a more older age group, the number of cases that underwent therapeutic removal was higher than the number of cases that underwent prophylactic removal. The difference in distribution of surgeons' purpose among groups was statistically significant (P < 0.0001, Table 3 ).
Specific pathologic conditions for therapeutic removal
This part of the study included 748 ITMs in 630 patients who underwent therapeutic removal. When more than one pathologic condition was noted in a single ITM, that particular ITM was all included in the respective each categories. One pathologic condition for therapeutic removal was reported in 657 ITMs, 2 pathologic conditions for therapeutic removal were reported in 83 ITMs, and 3 pathologic conditions for therapeutic removal were reported in 10 ITMs, resulting in a total of 853 cases with pathologic conditions in 748 ITMs. Thus, in this part of the study, 853 cases with pathologic conditions were subjected to analysis. The most common pathologic condition was pericoronitis.
In all groups, the most common pathologic condition was pericoronitis. But, the second most common pathologic condition in G1, G2, and G3 was follicular space widening or dental caries of ITMs. However, the second most common pathologic condition in G4 and G5 was dental caries or root resorption of adjacent teeth due to ITMs or infection. The difference in distribution of specific pathologic conditions for therapeutic removal among groups was statistically significant (P < 0.0001, Table 4 ).
The damage to adjacent teeth (second molars) due to untreated ITMs
This part of the study included 748 ITMs in 630 patients who underwent therapeutic removal. In this category, all adjacent teeth showing pathologic changes due to untreated ITMs were included as well as those with dental caries or root resorption (Fig. 1) . Thus, 199 cases of ITMs (199/748, 26.6%) were subjected to analysis. The most commonly observed damage to adjacent teeth due to untreated ITMs was distal bone loss over apical third of the adjacent teeth (81/748 (10.8%), average age: 46.8 AE 8.1 yrs).
There were less than 10% of damaged adjacent teeth in cases that underwent therapeutic removal in G1, G2, and G3. However, there were 32.4% (61/188 cases) and 68.1% (109/160 cases) of damaged adjacent teeth in cases that underwent therapeutic removal in G4 and G5. The difference in distribution of the specific damage to adjacent teeth among groups was statistically significant (P < 0.0001, Table 5 ).
Discussion
Many dental clinicians have difficulty in deciding whether an asymptomatic or disease-free ITMs should be removed in young adult patients. 2 Some authorities have strong opinions that prophylactic surgery is not an appropriate treatment for asymptomatic ITMs. 2,7e9 The National Institute of Excellence (NICE) guidelines in 2000 for guidance on the extraction of wisdom teeth are representative. 10 However, other authorities or dental clinicians have a strong opinion that if ITMs are removed only after the occurrence of pathologic changes, the patients may have attained advanced age and therefore they may have a very significant risk of serious complications on comparison with prophylactic removal of ITMs in young adult patients. 2, 11, 12 In other words, prophylactic removal of ITMs in young adult patients is an appropriate treatment in order to avoid future pathologic conditions and complications associated with ITMs. 7, 13 This study was to determine if the prophylactic removal of ITMs is to be supported or not, to analyze and compare the patients' symptoms, pathologic conditions associated with ITMs, and damage to the adjacent second molars and their treatments according to patient age groups.
In this study, the average age of the patients who underwent surgical removal of ITMs was 29.0 AE 10.2 years (range, 13e74 years). The average age of the patients was lesser than the average age (31.8 years in 2010) of the patients in United Kingdom after introduction of the NICE guideline that prevents prophylactic removal of ITMs. 1, 10, 14 Mandibular ITMs were more commonly found in the patients' mouths and were surgically removed than maxillary ITMs, as in other studies. 1 "Pain" was the most common patients' chief complaint in this study followed by discomfort. In the twenties, the most common chief complaint was "discomfort", and in the patients aged more than 31 years, the most common chief complaint was "pain". This means that as the age advanced, patients decided to visit the dental clinic and decided to undergo surgical removal of ITMs due to aggravation of symptoms and pain.
The average age of patients who underwent prophylactic surgical extraction of ITMs was about 8 years lesser than that of patients who underwent therapeutic surgical extraction in this study. In the patients younger than 25 years, most of the ITMs were removed for prophylaxis without pathologic changes. But, in the patients older than 31 years, most of the ITMs were removed for therapeutic purpose with pathologic changes. When the patients experienced "discomfort", there was no pathologic change and often only food impaction occurred, especially in young patients. These ITMs may be in the "symptomatic and absence of disease" state. 15 According to the NICE guideline, these ITMs should not be considered an indication for surgical removal. 10 But, there is a need for discussion that really improves the patients' quality of life with the possibility of recurrent persisting discomfort or development of pain at an advanced age.
Acute/chronic or recurrent pericoronitis with/without periodontitis of adjacent teeth (54.9%) was the most common pathologic condition, and dental caries of ITMs (14.9%) was the second most common pathologic condition in this study. The trend for pathologic conditions was similar with that in other reported studies. 2,3,16e21 In the other previously reported studies, dental caries of ITMs developed relatively slowly compared with pericoronitis, and as a consequence dental caries develops at older age in patients. 1, 22, 23 However, the average age of patients with pericoronitis (32.4 AE 10.7 years) was more than that of patients with dental caries of ITMs (30.2 AE 7.4 years) in our study. The reason for this could be that periodontitis of adjacent second molars due to chronic pericoronitis of ITMs was included into "pericoronitis" pathologic condition in our study.
Dental caries of adjacent second molars is a significant late complication of ITMs, because it is often diagnosed late, sometimes resulting in second molar extraction. 14, 24 The previously reported incidences ranged from 7.9% to 17.2%, which are similar to that in our study (12.0%). 3, 25, 26 In another study reported in U.K. in 2009, the incidence (19.3%) was higher than that in our study and other studies. 27 The introduction of the NICE guideline might be the cause of the higher incidence. 1 The reported incidence might increase more when patients become older, and the mean age of patients with dental carious second molars was significantly higher (about 5 years older) than that of patients without dental carious second molars, which is also similar to our results (average age: 37.6 AE 10.9 years). 22, 23, 26 Also, the pathologic condition of infection that needed antibiotics or surgical incision and drainage of the abscess, and admission to the hospital are markedly increased in significantly older patients.
The pathological abnormal widening of the pericoronal follicle of ITMs is associated with a high incidence of dentigerous cyst. 28, 29 The patients older than 20 years showed a higher incidence of pathologic changes. 30, 31 In our study, the average age of patients with follicular space widening was 19.7 AE 8.2 years, and the average age of patients with dentigerous cyst was 40.2 AE 15.7 years. The results also showed that abnormal follicular space widening can cause pathologic cystic changes over time. But, all cases of follicular space widening do not develop cysts, as noted in two patients aged 52-years-old and 54-years-old who had follicular space widening in ITMs.
The 199 ITMs (26.6%) among total 748 ITMs in 630 patients were removed for therapeutic purpose because pathologic changes were accompanied by damage to adjacent second molars due to untreated ITMs in our study. Also, the incidence was markedly increased in older patients. The incidence of adjacent second molars showing pathologic changes due to untreated ITMs was only 2.2% in the under 20 year age group, 7.9% in patients in their early twenties, 10.0% in patients in their late twenties. However, the incidence increased to 32.4% in patients in their thirties and it was further increased to 68.1% in the above 41 years age group. This means that 7 out of the 10 ITMs developed pathologic changes and concerned the treatment of adjacent second molars was concomitantly needed in the patients above 41 years of age. Also, the most common indications of damage to adjacent second molars was dental caries with conservative treatment or only observation in patients less than 30 years of age, while distal bone loss of the adjacent second molar was commonly observed in the patients above 41 years of age. When the cases with distal bone loss with dental caries treatment or endodontic treatment and complex lesion were included, distal bone loss over apical third occurred in more than half of ITMs showing pathologic changes in patients aged more than 41 years. Marciani 32 also reported that periodontal pathology was associated with asymptomatic third molars retained in the mouth. The clinical and microbial changes associated with the initiation of periodontitis may present first in the third molar region in young adults, and the presence of third molars in young adults was significantly associated with periodontal inflammatory disease of nonthird molars. 32 This means that the periodontal disease SD Z standard deviation; G1 Z group 1; G2 Z group 2; G3 Z group 3; G4 Z group 4; G5 Z group 5; A þ B Z distal bone loss with dental caries treatment; A þ D Z distal bone loss with dental caries, however, without conservative treatment; A þ E Z distal bone loss with endodontic treatment. *Pearson's chi-square test Z 290.606.
may be associated with ITMs in young adult patients, even in asymptomatic ITMs. The periodontal disease state in all teeth as well as adjacent second molars gradually worsens in elderly patients. Also, the cases of extraction of second molars due to untreated ITMs showing pathologic changes were more in patients aged above 41 years than in patients less than 40 years of age. Interestingly, the average age of damage to the adjacent second molar was increased in accordance with the severity of damage. The average age increased in the order of dental caries only observation, dental caries with conservative treatment, endodontic treatment, and extraction. In other words, ITMs showing pathologic changes cause irreversible and severe damage to the adjacent second molars in relatively older patients.
In conclusion, "asymptomatic" does not necessarily mean "disease free" or "no possibility of developing pathologic changes". 32 This study showed that prophylactic removal of ITMs that have a possibility of developing pathologic changes in the late teenage and early twenties reduces the chances of developing pathologic changes in ITMs, adjacent tissues, and second molars, and improves patients' dental health and future quality of life. Hence, prospective and retrospective studies are needed for more accurate prediction of possibility of pathologic changes in ITMs.
